ABSTRACT
INTRODUCTION

1
Tobacco use is the leading cause of preventable disease and death globally (National impulse control and irrational decision making, both which reduce lonely people's ability to 1 abstain from unhealthy, yet potentially pleasurable activities such as smoking, and high 2 sensitivity to cues of social affiliation, which may include the presentation of smoking as pro-3 social behavior ). Borges and Simoes-Barbosa suggest that smokers may 4 anthropomorphize cigarettes and view them as their companions in response to loneliness, using 5 them to fulfill their social needs rather than a tool to instigate actual social connection (Borges & 6 Simões- Barbosa, 2008) . Furthermore, the association between loneliness and smoking may differ 7 by population and/or motivation for cigarette use. An association between loneliness and 8 smoking found in adolescents experimenting with smoking or in social smokers may be due to 9 the use of cigarettes to increase social acceptance and connection to peers. An association 10 between smoking and loneliness in established heavy smokers may be attributed to the mood-11 altering effects of nicotine.
12
In this paper we systematically review the literature on loneliness and smoking and 
18
METHODS
19
Search engines PubMed and PsycINFO were used to find articles assessing loneliness 20 and smoking. PubMed was searched using the term (lonel* AND (smok* OR cig*)) on January 21 28 th , 2014 and PsycINFO was searched using the term (lone* AND (smok* OR cig*)) on We included studies that met the criteria of: (1) Loneliness was measured using a 10 quantitative format; (2) Cigarette use or other smoking variable was measured quantitatively; and
11
(3) The association between cigarette use and loneliness was assessed statistically.
12
RESULTS
13
There were 23 articles which met the inclusion criteria for the review. Detailed 14 information concerning search results and article exclusion are included in Figure 1 . Two articles 15 contained multiple studies that used different methodology (Cacioppo et al., 2002; DeWall & 16 Pond, 2011) : these studies will be assessed separately for the remainder of the analysis. Note that 17 only two studies from are reviewed, the third study assessed the 18 association between retrospective childhood rejection and cigarette use and is not included here
19
( . Three articles contained analyses from multiple countries included in 20 the same study but not analyzed as one sample, a consistent methodology was used across the 21 countries included in each study and therefore these studies are reported as one study each (Page   22   et Page, Dennis, Lindsay, & Merrill, 2010; Stickley et al., 2013; Stickley, Koyanagi, Koposov, Schwab-Stone, & Ruchkin, 2014) . Therefore, the total study count is 25. In studies 1 with analyses stratified by gender and/or nationality, an overall effect was determined present if 2 at least half of the analyses had statistically significant results.
3
Review findings are summarized in Table 1 and descriptions of the included studies are 4 presented in Table 2 . in each category.
10
Most studies were conducted within English-speaking countries. Of the studies that 11 indicated when data were collected, all data were collected after 1970. Eleven studies were 12 conducted among adolescents as defined by a mean age of 18 or lower or sampling from schools.
13
The other 14 studies were conducted in adult populations. Ten studies were conducted using 14 nationally representative samples. All study samples were roughly half female with the exception 15 of one composed of adults aged 50 and over living with HIV/AIDS, which was 25.6% female 16 (Siconolfi et al., 2013) . Almost all of the studies used cross-sectional survey data, even though 17 some studies pull from longitudinal samples these studies used loneliness and smoking status 18 data collected during only one wave. There were two exceptions: a randomized controlled trial 19 for smoking cessation (Moadel et al., 2012) and a longitudinal study which assessed loneliness 20 trajectories from childhood to adolescence (Qualter et al., 2013) .
21
The most common measure of loneliness was the UCLA loneliness scale (ULS), a full or 22 shortened version of the ULS was used in 12 studies. ULS versions included the revised ULS (ULS-R; Russell, Peplau, & Cutrona, 1980) , the four-item ULS (ULS-4; Russell et al., 1980) , the 1 eight-item ULS (ULS-8; Hays & DiMatteo, 1987) , the revised ULS version 3 (Russell, 1996) , 2 the ULS Roberts Version---an eight-item version developed for adolescents (Roberts, 3 Lewinsohn, & Seeley, 1993) , and the Three-Item Loneliness Scale---a shortened version of the 4 ULS specifically developed for studies conducted on telephone (Hughes, 2004) . The other most 5 common measure of loneliness was a one-item likert measure that included the word lonely.
6
Current smoking status was measured in various ways in 13 studies. Four additional articles 7 measured smoking status using the GSHS (Global School-based Health Survey) tobacco 8 measures (Alwan, Viswanathan, Rousson, Paccaud, & Bovet, 2011; Malta et al., 2014; Page et 9 al., 2010; Peltzer, 2009 ).
10
Of the 25 studies assessed, 13 (52%) found associations between loneliness and smoking 11 behavior for the main sample. Of the ten nationally representative studies, seven found overall 12 associations between smoking and loneliness. Of the nine studies that measured loneliness using 13 a one-item measure including the word lonely, six had significant findings. Of the 12 studies 14 which used the ULS, five had significant findings.
15
Some studies contained subgroup analyses and found associations between loneliness and 16 smoking for specific subgroups of participants, including studies which did not find a significant 17 association for the total sample. Seven studies contained analyses stratified by gender (Allen, 18 Page, Moore, & Hewitt, 1994; Alwan et al., 2011; Christopherson & Conner, 2012; Page et al., 19 2008 Page et al., 19 , 2010 Stickley et al., 2014; Thurston & Kubzansky, 2009 ) and four studies contained 20 analyses stratified by country (Page et al., 2008 (Page et al., , 2010 Stickley et al., 2013 Stickley et al., , 2014 . One study
21
found positive associations between smoking and loneliness for both genders, (Christopherson & 22 Conner, 2012) two studies found a positive association among males but not females (Allen et al., 1994; Alwan et al., 2011) Montenegro, an association between loneliness and smoking was found only in a subsample of 15 foster children (Backović, Marinković, Grujičić-Šipetić, & Maksimović, 2006) . smoking (Qualter et al., 2013) .
Overall, half of the studies reported an association between loneliness and smoking. This 9 did not differ when considering the population in which the study was conducted. While not all 10 of the reviewed studies reported a significant association between smoking and loneliness, those 11 that did consistently found that lonely people were more likely to be smokers. Only one study the other studies found a significant association, suggesting that studies need large sample sizes 16 in order to be adequately powered to find an effect. This supports a statement by DeWall and 17 Pond that the association between smoking and loneliness likely has a small effect size and that 18 large samples are necessary to achieve statistical significance in the reviewed studies we do not report an overall effect size for the association between 21 loneliness and smoking. Sample sizes of future studies may be determined using effect sizes available in Table 2 from studies with populations and methodologies similar to proposed studies 1 to adequately power analyses assessing the association between loneliness and smoking.
2
Over 60% of the studies which measured loneliness using a one-item measure including 3 the word lonely had significant findings while just over 40% of the studies which used the ULS 4 had significant findings. This may suggest that methodological differences account for some of 5 the variability in research findings concerning loneliness and smoking. However, seven of the 6 nine studies which used a single item measure of loneliness also had large, nationally 7 representative samples. It is probable that the large sample size accounts for the higher rate of 8 statistical significance rather than the use of a single item. More research is needed to clarify this.
9
We also note that those studies using one-item measures had higher rates of statistical 10 significance despite concerns of underreporting on these measures due to stigma associated with 11 the endorsement of loneliness (Marangoni & Ickes, 1989) . People who self-identify as lonely 12 could potentially be more likely to smoke in comparison to those people who experience 13 loneliness and do not identify themselves as lonely. We also consider that one-item measures 14 may assess a sub-dimension or variant of loneliness which is associated with smoking.
15
Potentially people who identify as lonely are more likely to be chronically lonely or experience a 16 variant of loneliness such as social or emotional loneliness.
17
Of the nine studies which assessed loneliness using a one-item measure, six were 18 conducted in adolescents. Of these six studies, five (83%) had significant findings, suggesting that the longitudinal study conducted in adolescents did not have significant findings we note 22 that the longitudinal study used a measure which assessed peer-related loneliness specifically (Qualter et al., 2013 Allen et al., 1994; Christopherson & Conner, 2012; Moadel et al., 2012; Shankar et al., 2011; Whisman, 2010 Cacioppo et al., 2002 Grunbaum et al., 2000; Hays & DiMatteo, 1987; Page et al., 2008; Siconolfi et al., 2013;  
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